Air pollution, both indoor and outdoor, has been found to be related to serious adverse health effects. Accurate estimation of air pollution exposure has become very important to suggest proper air pollution control policies and to further assess the effectiveness of these policies. In many instances, personal exposures have been found to be greater than concentrations measured at fixed site monitoring stations. As people spend most of their time indoors particularly during harsh weather conditions, it is necessary to consider indoor air quality in exposure assessment studies. The current paper focuses on the importance of personal exposure assessment based on spatial and temporal activity patters both indoors and outdoors.
Introduction
A primary goal of air pollution control policy is to reduce, or ideally eliminate adverse effects on human health. It is well known that health risk assessment is most effective as a policy tool when it is linked to realistic exposure assessment, rather than to environmental concentrations. This is because exposure (defined in the context of this application as direct contact between an air pollutant and a human being [1] ) is likely to be more closely related to health effects experienced by individuals. However, many study designs used in time series studies of health effects, and hence in assessing the health benefits of emission reductions, relied on air pollution concentrations measured at fixed measurement stations, usually at urban background sites, to define exposure of the study populations [2] - [4] . However, it is well established by extensive modeling and measurement studies that these concentrations cannot represent actual population exposures, because of the huge temporal and spatial variation in human activities [5] [6] . This creates significant difficulties in establishing the real health benefits of policies designed to meet ambient air quality standards which are based on these time series studies [7] .
The development of air pollution control policy requires accurate assessment of the impacts of current concentrations, and of the potential benefits of measures to reduce current emissions. In the case of human health, a key element of any such assessment is an estimate of the actual exposure of individuals to specific pollutants. While the measurement of air pollution is usually based on the use of fixed site monitors, the mobility of individuals means that their actual exposure will vary over the course of a day, as they move among locations such as home, street, office, car, etc. This interaction between the spatial and temporal variation in pollutant concentration and the time-activity patterns of individual people means that almost every individual will have a unique personal exposure to air pollution (i.e. unique concentration profile). For example, [8] found that the individual exposure to particulate matter of diameter less than 10 µm (PM 10 ) of a small group of traffic wardens differed by a factor of 5. The rapid changes in concentration as the individual moves from one location to another may have health significance. Also, cumulative exposure, or average exposure over certain fixed time intervals may be more important considerations.
There is a well-established association between ambient air pollution and adverse health outcomes in developed and developing countries [9] - [13] . The probability of adverse health outcomes will be greater in those individuals with higher exposure. In most urban cities, the highest outdoor concentrations are found at roadside sites, and thus the greatest health benefits may appear to arise from measures which reduce roadside concentrations. Indeed, there is evidence in many studies that the greater exposure to air pollutants of individuals living close to roads is associated with a greater prevalence of respiratory symptoms [14] - [16] . For example, different studies in the US and Europe have reported significant associations between daily mortality and PM 10 [17]- [19] . It has been found that both respiratory and cardiovascular diseases are the major causes of death. Many studies have also shown positive associations between daily PM 10 concentrations and daily hospital admissions for respiratory diseases (e.g. asthma, pneumonia, chronic obstructive pulmonary disease (COPD), etc.) [20] [21] . Other studies have reported increased hospital admissions for cardiovascular diseases (e.g. congestive heart failure, increase in coronary artery disease, etc.) associated with increased particle concentrations [22] .
However, evaluation of the significance of such health effects within the wider urban population depends critically on how roadside concentrations at specific sites actually relate to population-scale exposures. While ambient air quality data from individual urban background monitoring stations are typical of significant areas of cities, a major problem in the interpretation of data from roadside stations is that they are heavily influenced by the characteristics of local traffic flow. This means that it is problematic to use data from such sites in population-based estimates of impacts on personal exposure and health outcomes. Furthermore, people spend most of their time indoors particularly for groups such as elderly or those with pre-existing disease. Therefore, it is essential for estimates of population exposure that the relationships between indoor and ambient concentrations at both roadside and urban background sites are considered. Previous studies clearly show that even at roadside sites, indoor concentrations are substantially modified by the effect of indoor sources [23] - [25] .
Direct personal measurement and the use of diaries by participants can be used to estimate exposure and indeed to demonstrate closer links of health effects to exposure than to outdoor concentrations [26] . Methods of measuring individual pollutant exposure include personal (direct) method and microenvironmental (indirect) method. Personal monitoring involves attaching a monitor to an individual. The microenvironmental approach involves measuring pollutant concentrations in a number of defined environments in which an individual spends time, and combining these measurements with information on the person's time-activity pattern to estimate their exposure. Both personal and semi-portable background monitors may be used to estimate pollutant concentrations in the various environments. Personal sampling is the most reliable means of assessing true exposure and it is used to evaluate as accurately as possible an individual's exposure to air pollutants. Exposure measurements are particularly important in both workplace environments and in recent studies of air pollution exposures [27] - [36] . Information on the person's time-activity pattern can also be collected in order to interpret the person's exposure profile. Time-activity data (e.g. time spent commuting to and from work, mode of transport, smoking characteristics, etc.) may be collected by direct observation, by the use of self-administered daily time-activity diaries, or by questionnaires. However, when considering air pollution control policy over a nation, a region or a city, it is necessary to consider the exposure of the population as a whole. If the objective is to interpret population-based studies or to estimate health effects or health benefits across a population, then this direct approach is not possible, and the only practical approach to estimating exposure across the population, rather than individuals, is through appropriate computer models.
The nature of an individual's or a population's behavior, in terms of spatial and temporal activity patters, is a crucial determinant of their personal exposure to air pollutants. Because personal exposure assessment is concerned with the exposure to a single pollutant at the level of the individual, any pollutant monitoring exercise must incorporate the spatial and temporal variables associated with both individuals and pollutants. The exposure to any one pollutant will vary markedly depending on the location, characteristics of that location, activities undertaken, time of day or season, and the actual time spent in that location [37] . In many cases, personal exposures have been found to be greater than concentrations measured at fixed site monitoring stations [27] [38]- [40] .
While the development of personal exposure assessment methodologies has been a key element of research in the US over the past three decades, it has received little or no attention in most developing countries as Egypt. Personal exposure assessment is the only basis on which the health effects of air pollutants on individuals or populations can properly be assessed. The results of personal exposure assessment have often provided new thoughts into the importance of different sources of exposure, which are significant in terms of developing effective control strategies. For example, [41] estimated that, for benzene, 50% of the population exposure was due to direct smoking, 25% was due to personal activities such as passive smoking, car driving and the use of certain consumer products, and only 15% due to direct outdoor exposure. Thus, measures to reduce outdoor concentrations may have rather limited impact on population exposure, unless they are accompanied by measures to reduce the other sources of exposure. Also, US studies of personal exposure to CO have suggested that the most important element of exposure is that within vehicles; this may also be an important source of exposure to other pollutants, such as benzene and other VOCs [42] .
Exposure assessment can help us to determine what, where, and when pollutants come in contact with humans. The assessment of personal exposure is also of critical importance in terms of objectively assessing the relative benefits of different pollution control policies [43] . Unless the relative importance of exposure in different locations can be evaluated, it is impossible to properly assess the implications of policies to reduce exposure in individual locations. As Egypt has promulgated ambient air quality standards established by the Egyptian Environmental Law No. 4, 1994 , and developed policies to meet these standards to protect public health, it is essential that the benefits of these policies for personal exposure can be properly assessed. The current procedures of comparing concentrations at fixed site monitoring stations with these standards, or estimating the number of people living in areas with particular pollutant concentrations are clearly inadequate for this purpose.
Methodology and Significance
A series of exposure assessment studies are to be conducted in Egypt to quantify and assess exposure of different groups of people including both normal and sensitive (e.g., children and elderly) groups to air pollutants. This will identify activities and microenvironments that contribute most to daily exposures of participants. Personal exposure will be measured in the different locations in which people spend time such as homes, cars, offices, schools, elderly care centers, etc. Personal monitors of particulate matter (PM 10 and PM 2.5 ) and gaseous air pollutants known to cause adverse health effects (e.g. CO, NO 2 , VOCs, etc.) will be used to continuously measure personal exposure by either direct attachment to participants or being placed in different microenvironments. Electronic diaries will be used to determine time-activity patterns and exposure profiles of all subjects. Conducting the studies in different areas and seasons will demonstrate the temporal and spatial variation of exposure levels of different groups. Outdoor air quality data will be collected to assess how personal exposures differ from outdoor concentrations and that the impacts of air pollution on an individual's health actually relate not to these outdoor concentrations but to their personal exposure.
It is highly expected to find a wide variation in personal exposure among different groups as well as individuals of the same groups as a result of different indoor and outdoor emission sources and activity patterns. Identifying groups of people with high personal exposure and their underlying causes is particularly important in Egypt where emission levels are high, but there are limited resources for environmental and health protection. This can identify a wider range of policy measures to significantly reduce exposure of such groups than direct emission control. As the science of personal exposure assessment has increasingly developed in North America and Western Europe, there is an urgent need to apply this science, with the associated measurement and model-ing techniques, in other countries where the impacts of air pollution are much more serious. The aims of the current paper are to emphasize the significance of the followings: 1) Introduce and establish a personal exposure assessment strategy using direct measurement (i.e. personal sampling technique) and indirect methods (i.e. microenvironmental method) as the only basis on which the health effects of air pollutants on individuals or populations can reliably be assessed;
2) Properly evaluate personal exposure in different locations (both indoors and outdoors) to air pollutants and thus to accurately assess current policies which are used to reduce emissions in different sectors in terms of their impacts on human health, i.e. objectively assessing the relative benefits of different pollution control policies;
3) Select and develop the most effective air pollution control strategies that can significantly reduce exposure to air pollutants; 4) Construct a database of personal exposure measurements that is useful in estimating exposure across the population through appropriate computer models; 5) Set proper air quality standards, both indoor and outdoor, according to the accurate and reliable estimates of personal exposure as well as the related health impacts; 6) Assist in advising national, regional and local government in developing stringent policies and actions that will reduce urban air pollution.
In the light of all of the above, this will help to introduce and establish the process of personal exposure assessment to air pollution in Egypt as an effective tool and the only basis on which the health effects of air pollutants on individuals and population can properly be assessed. Also, this will enhance our knowledge about the pattern of human exposures in Egypt, particularly in urban areas where high concentrations of air pollutants and related health impacts always exist. This will help to save and protect human health through the development of effective air pollution control strategies and also contribute to raise awareness of the public regarding exposure assessment through their potential participation as volunteers in related procedures.
